Abstract. In a seed plant a pollen tube is a vessel that transports male 5 gamete cells to an ovule to achieve fertilization. It consists of one elongated 6 cell, which exhibits growth oscillations, until it bursts completing its func- 
oscillatory growth in pollen tubes has been put forward (Kroeger et al., 2008) . 2 Whereas the hydrodynamic model as it is used by Zonia et al. proposes gradual increase in turgor until a threshold when rupture of individual links between cell wall polymers occurs, Winship and coworkers state that turgor is essentially stable, but an exocytosis-induced relaxation of the wall causes expansion. They postuale that variations in cell wall mechanical properties cause the oscillations and that variations in turgor (if there are any) are a passive consequence due to cell wall relaxation.
growing pollen tubes was discussed in (Chavarria-Krauser and Yejie, 2011).
174
The irreversible expansion of the cell wall during growth as the extension of 
179
In our approach, which does not contradicts previous achievements, we 180 explore the relationship between turgor pressure and nontrivial cell geometry However, the mechanical load (contrary to op. cit.) is applied in the form of 187 hydrostatic (constant) pressure.
188
An important feature of pollen tubes elongation is that growth rate oscil-
189
lates and, additionally, many of the underlying processes also oscillate with 190 the same period, but usually with different phase (e.g. Fig. 1c in (Zonia 191 and Munnik, 2011)). However, the role of the oscillating ion gradients and 192 fluxes in the control of pollen tube growth The model presented by Chavarria-Krauser and Yeije (2011), actually does not describe the cell wall, and hence, does not predict oscillations. The authors simply assume that the growth oscillations are given to understand the phase angle differences between growth velocity and the regulating mechanisms. However, by definition, oscillation is the repetitive variation, typically in time, of some measure about a central value (often a point of equilibrium), and pollen tubes do not exhibit such form of oscillations. In fact, what we observe in pollen tubes is a periodical elongation (without shrinking phase), and can be a result of transitions between two or more different states, which is another definition of oscillation, which we adopt in this paper.
can be subtracted the biophysical process still proceedes normally. in first approximation the following heuristic solution can be proposed.
220
Assuming an intrinsic turgor pressure P , and a much smaller external 221 pressure, of yet unspecified origin p ext (it can be just atmospheric pressure)
222
producing an effective pressureP = P + p ext ) the equilibrium equation for 223 the displacement vector u, which is the shortest distance from the initial to 224 the final position of a moving point, takes the form (Landau and Lifshitz, 225 1986):
where ν is the Poisson coefficient, which is the ratio, when a sample ob- 
where a and b are constants to be determined from the boundary conditions 
where the upper index in Eqs (3) and (4) has been substituted to differenti- sap with turgor pressure P (we equate both radii r T = r L , for simplicity).
266
The inner radius of the cylinder and a sphere is r 1 , while the outer radius 267 is r 2 (Fig. 1B) . Another simplifying assumption of the model is that we u zz = 0, the interesting radial σ rr element of the stress tensor reads 4 :
By assuming boundary conditions as above, parameters a and b can be cal- In fact, to receive smooth solutions on Γ -interface equations for different geometries should be connected by transmission (gluing) conditions equating the forces and deflections on each side: σn = σ n and u = u , where n denotes the exterior normal to the boundary. In first approximation we let both subdomains be weakly coupled (visco -plastic phase) while cyclic wall building processes take place at Γ, and strongly coupled mechanically (visco -elastic phase) when wall building processes expire. We consider only the radial part of the stress σ rr , deflection u r and strain u rr = ∂ r u r tensors on Γ, for simplicity. This Ansatz, however, does not qualitatively influence the results. Here it is parametrized by the turgor pressure P acting on the cell wall. The The influence of turgor on the oscillation period, as predicted by the 
and from the opposite formula: 
The quasi-discrete energy levels E − and E + (possesing, however, a small can be attributed to the oscillations in the pollen tube growth functions.
345
Thus, the resonating frequency of growth (growth rate) corresponds to the
proportional to the turgor pressure P . Consequently, we may equate the 348 transition energy 2E between the resonating levels ( the plot of the potential energy U (r) at r = r 0 in Fig. 6 ).
352
Notwithstanding, we note that the considered effect is exclusively con- 
378
The system is pumped with energy to jump over the analytic discontinuity is not capable of exerting a restoring force that is proportional to its dis-394 placement because of stretching in the material comprising the wall. As a 395 7 Such geometrical oscillations of the wave-length λ will be obtained when frustration occurs, and the cylindrical and spherical symmetries will be present on Γ -contour interchangeably; compare Movie S1 and S2 in . (Fig. 6 ). In addition, the infinite potential barrier at low 434 distance r values prevents the growing cell wall from shrinking at a given 435 pressure P .
436
In order to calculate the value of the resonance angular frequency ω we 437 momentarily accept the approximate (classical) relation: E ∝ ω 2 . Assuming As an aside, we stress that the calculated from Eq. (7) resonance frequency 1 pollen tube cylinder radius R, a place where we perform our calculations.
459
The latter statement means that the slope is the greatest at z ∼ R (in axial 460 direction). This, and the fact that the 'dilution' sector is shown ( (due to Cauchy) reads (Lubliner, 2006) :
where i, j = 1, 2, 3, and Einstein's summation convention is used. By ignoring 
we receive σ rr = σ(r), which is the only matrix element that survives. From
594
Eq. (8) we have
596
Hence in our case ∂ r σ rr dr = σ rr = U (r), and one gets: U (r) = σ rr = σ(r).
597
(ii) By identyfying
we may follow Eq. (6) to receive
where α = P 
Since U ≡ ∆σ we can plot the 'symmetry frustrated' potential U (r), Fig. 6 . 
where x = ρ/r 0 . By expanding both fractions for small x, we finally get the 606 form for the harmonic potential:
Comparing the above equation with the classical oscillator potential (m = 1):
and using Eq. (12) we get ω 2 ∝ P .
610
Hence, the pollen tube oscillation frequency at the limit of small oscilla-611 tions equals ω ∝ √ P , where P is the turgor pressure (compare also with Fig.   612 7, where the proportionality constant (A) is estimated from experiment). Frustration energy E F splitting due to topological effects (Insets: bifurcation diagram and tensegrity force F = −∇U (r) balance diagram) in a quasi-2D biological system -pollen tube apical region. Corresponding symmetry exchange takes place between the resonating residual energy levels E − ± δE and E + ± δE of different major symmetry. Calculation performed at the transition zone between the (hemi-spherical) apical and the (cylindrical) distal part of a growing pollen tube (see Eq. (7)), at a constant turgor pressure P = 0.3 MPa. The inner and the outer wall radius in both subsystems read: r 1 = 5 µm, r 2 = 5.25 µm (wall thickness ∼ 250 nm), respectively. The dispersion of each energy level δE ∼ = 0.0003. 
